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1Physics Department, Technische Universita¨t Mu¨nchen, Garching, GermanyABSTRACT Protein-protein docking programs can give valuable insights into the structure of protein complexes in the
absence of an experimental complex structure. Web interfaces can facilitate the use of docking programs by structural biolo-
gists. Here, we present an easy web interface for protein-protein docking with the ATTRACT program. While aimed at nonexpert
users, the web interface still covers a considerable range of docking applications. The web interface supports systematic rigid-
body protein docking with the ATTRACT coarse-grained force field, as well as various kinds of protein flexibility. The execution of
a docking protocol takes up to a few hours on a standard desktop computer.Protein-protein interactions are abundant in the cell and are
involved in many important biological processes. Structural
data at atomistic resolution are required to understand the
assembly of proteins into complexes carrying out specific
cellular functions. This resolution can be obtained by exper-
imental methods such as x-ray crystallography, nuclear
magnetic resonance spectroscopy, and more recently,
cryo-electron microscopy (cryo-EM). However, these
methods often have limitations regarding protein size, flex-
ibility, and/or strength of the interaction. These limitations
can be alleviated by combining experimental knowledge
with computational methods such as protein-protein dock-
ing. The CAPRI challenge (1) has shown that protein-pro-
tein docking programs are often able to accurately predict
the structure of an unknown protein complex from the
known structures of its constituents. Moreover, many dock-
ing programs can now easily be accessed via web interfaces
and servers (2–9). With the large user base acquired by
many of these web services, docking has been established
as a valuable tool for the structural biology community.
The ATTRACT docking program (10) has been used suc-
cessfully to predict complex structures in various rounds of
CAPRI (11–13). Characteristic features of ATTRACTare its
coarse-grained force field (10,14), the use of protein flexi-
bility throughout the docking search (12,15), and the simul-
taneous docking of any number of protein bodies (16).
ATTRACT has been applied to the docking of proteins to
DNA (17), RNA (18), and small ligands (19), as well as
the assembly of large molecular machines using cryo-EM
data (16). All-atom flexible refinement of ATTRACT-gener-
ated models can be performed by the iATTRACT protocol
(20). Thus, ATTRACT can tackle a large variety of docking
problems, due to an extensive set of features and options.Submitted October 14, 2014, and accepted for publication December 10,
2014.
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tools and options that can be combined at will. Therefore,
ATTRACT is typically invoked via a custom, hand-written
shell script. Although this approach is very flexible, it limits
the accessibility of ATTRACT to expert users only. How-
ever, with the SPYDER framework (used in similar web
servers (6,21)), it is possible to generate docking protocols
automatically, based on a set of parameters that can be
edited in a web browser.
Here, we present an easy web interface for setting up pro-
tein docking in the program ATTRACT. While aimed at
nonexpert users, the protocols that can be generated still
cover a considerable range of docking applications. The
web interface supports systematic rigid-body protein dock-
ing, as well as various kinds of protein flexibility. The
execution of a docking protocol takes just a few minutes
to a few hours on a standard desktop machine. The web
interface and a detailed manual are available at www.
attract.ph.tum.de.ATTRACT Easy web interface
The ATTRACT easy web interface provides a convenient
way to set up an ab initio two-body protein-protein docking
protocol. On the one hand, it is sufficient to provide just a
Protein Data Bank (PDB) file for both protein partners.
On the other hand, a number of options are available (but
not required) to customize the protocol. For example, the
web interface offers several possibilities to include protein
flexibility in the docking search. If an induced fit model of
binding is hypothesized, the ‘‘Harmonic Modes’’ option
can be enabled, selecting collective modes that will be
calculated from an elastic network model (19). The protein
will then be deformed along these modes during the dock-
ing. Alternatively, an ensemble of multiple rigid conforma-
tions can be provided, allowing the most likely
conformation to be selected during the docking. Regardless,
the initial docking search may be followed by a flexiblehttp://dx.doi.org/10.1016/j.bpj.2014.12.015
Easy ATTRACT Docking Web Interface 463refinement using the iATTRACT protocol (20). Finally, for
benchmarking purposes, the docking results can be assessed
against a user-supplied reference structure with the same
statistics as used in CAPRI. A detailed overview of all
parameters used in the ATTRACT easy web interface can
be found in the online manual (under the Help menu). A
flowchart illustrating the usage of the ATTRACT Easy
web interface is hown in Fig. 1.
The ATTRACT web interface is not a web server: it re-
turns a docking protocol (shell script) for execution on a
local machine. ATTRACT is easily installed under LINUX
or a similar operating system; in addition, we provide an
ATTRACT VirtualBox that can be launched from within
any operating system. Once downloaded, the docking script
is launched by a simple double-click. Thus, the user retains
full control over the docking process. As the user gains
more experience with ATTRACT, the generated docking
script may become a starting point for modification, add-
ing, e.g., symmetry, clustering, experimental restraints, or
multibody docking to the protocol. Thus, the easy web
interface provides a user-friendly, general-purpose entry
point for protein docking with ATTRACT. In the future,
we plan to develop advanced web interfaces that expose
more of the functionality of ATTRACT, as well as special-
ized web interfaces, e.g., for protein-nucleic acid docking
and for assembly of proteins into cryo-EM maps
(ATTRACT-EM).FIGURE 1 A flow chart illustrating the usaApplication to viral chemokine binding protein M3
interacting with chemokine MCP-1
Chemokines are a group of small signaling proteins that
induce chemotaxis in nearby cells. In the case of an inflam-
mation, chemokines are secreted by the cell and establish
concentration gradients by attaching to the extracellular ma-
trix thereby recruiting leukocytes and triggering the immune
response. The murine gammaherpes virus-68 (gHV68)
evades detection by the immune system with the help of
the chemokine binding protein M3. The M3 protein is crit-
ical to the induction of lethal meningitis by gHV68 (22).
gHV68 is closely related to human herpes virus 8 and
Epstein-Barr virus (23).
The ATTRACT easy web interface was used to set up a
docking run and predict the complex structure of viral
chemokine binding protein M3 from HV68 with murine
chemokine MCP-1. For both individual protein partners,
experimental structures were available (PDB 1MKF and
PDB 1DOL) (24,25). The protein complex has also been
previously characterized (PDB 1ML0) (24) and will be
used as a reference to assess the performance of the docking
and the quality of the prediction. To account for protein flex-
ibility, five soft harmonic modes (15,19) were specified for
each protein partner.
As the top-ranked model, a structure of two-star CAPRI
quality was obtained (interface root-mean-squared deviation
(iRMSD) 1.8 A˚) and the top 100 ATTRACT modelsge of the ATTRACT easy web interface.
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FIGURE 2 The ATTRACT results for docking
viral chemokine binding proteinM3 fromherpes vi-
rus with chemokine MCP-1. (Gray) Receptor pro-
tein; (red) ligand protein. The ATTRACT model
is superimposedon the interface region of the bound
complex structure (PDB 1ML0). (Black) Ligand
protein of the crystal structure. A more detailed
view of the interface region depicts a tyrosine resi-
duewhose importance to bindingwas determined in
mutational experiments. (Yellow) Binding pocket.
The images were produced using the program
PYMOL (26). To see this figure in color, go online.
464 de Vries et al.contained several other two-star solutions. One of these had
an iRMSD of 1.4 A˚ and retrieved >70% of the native con-
tacts (Fig. 2). Because the iRMSD difference (1) between
bound and unbound protein structures of this complex is
1.14 A˚, this value is also the theoretical limit for rigid body
docking of the unbound protein structures. Both the binding
site and the correct binding mode are successfully predicted
by ATTRACT. Previously, mutational experiments revealed
an important role for the residue Y13 in the MCP-1 N-loop
(24). This contact was also identified by the best ATTRACT
models (Fig. 2) including the top-ranked complex. Crucial
interface residues can thus be predicted and docking-derived
information about native contacts could be explored in
selected mutational experiments.Availability and requirements
The ATTRACTweb interface is available at www.attract.ph.
tum.de and open to all users. The web interface requires a
local installation of ATTRACT: the ATTRACT source
code and installation instructions are available at www.
attract.ph.tum.de/services/ATTRACT/attract.tgz. Alterna-
tively, a (zipped) ATTRACT VirtualBox file is available
at www.attract.ph.tum.de/services/ATTRACT/ATTRACT.
vdi.gz. We recommend at least 4 GB memory to run
ATTRACT. Two example cases are available as web pages
with filled-in parameters. The chemokine case described
above is available at www.attract.ph.tum.de/cgi/services/
ATTRACT/demo-chemokine.py. On a standard desktop
computer, docking takes ~2–3 h. A simple rigid-body dock-
ing of xylanase is available at www.attract.ph.tum.de/cgi/
services/ATTRACT/demo-xylanase.py, taking ~10–30 min
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